Abstract
Introduction
We used computed tomography (CT) of all specimens, including both industrial CT ( 
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Data
179
The occlusal surfaces of teeth are modified by wear, which makes placing homologous 180 landmarks problematic. Hence, we took landmarks on the alveolar margin of every tooth and on the 181 cervix of the postcanine dentition in order to capture arcade shape, spatial arrangement of the teeth, 182 and dental size proportions. We recorded 224 homologous 3D landmarks on the mandibular and the 183 maxillary dental arcades (112 landmarks each) (Fig. 1) . All measurements were taken in Avizo 7.1
(Visualization Sciences Group).
To capture overall length and breadth patterns, landmarks were placed on the distal, buccal, 186 mesial and lingual surfaces of the incisor, canine and premolar alveolus. On the molars, besides a distal 187 and a mesial landmark, we set two landmarks buccally and two lingually at the position of each root. On 188 the third molar we took one landmark buccally and lingually at the position of the mesial root. The 189 cervical landmarks were positioned distally, buccally, mesially, and lingually.
190
- Table 1 
211
We performed two PLS analyses per data set: one includes all groups with the data mean 212 centered for each group. This explores the overall pattern of covariation while accounting for large-scale 213 differences between the groups. The second PLS analysis was performed for every group separately, 214 mean centered by sex. If all groups follow a similar pattern of covariation, shape variation associated 215 with PLS axes of the pooled sample and within groups should be similar.
216
Magnitude of covariation We used two metrics to quantify the magnitude of covariation; the 
227
A permutation test (Good, 2000) was used to determine the significance of the mean 228 differences between the permutated CR values (Bonferroni-corrected for multiple testing, considered Sexual dimorphism A permutation test (Good, 2000) was used to determine the significance of 231 the mean shape differences between male and female mandibles and maxillae. To do so, we randomly 232 selected individuals and assigned them to male or female and computed a mean shape and shape 233 difference between the permuted sexes 10 000 times (considered significant at α < 0.05).
234
Allometry To assess the amount of the total shape variance that can be explained by jaw 
328
Gorilla, Pongo, and Hylobates are not significantly different from each other (p>0.12 at least) (Table 4) .
329
The correlation coefficient of PLS1 is lowest in Gorilla, followed by Homo, Pongo, and Pan.
330
Hylobates show the highest value (Table 5 ). The correlation coefficient of PLS2 is lowest in Hylobates, 
336
Magnitude of covariation (groups separate) We used a subsample of 15, i.e., the smallest 337 number of subsamples (female Homo) minus one, and considered the bootstrapping distribution 338 resulting from 1000 iterations for the calculation of the CR (Table 6 ). Correlation coefficients are given in 339 (Fig. 6 ).
The main difference between male and female great apes is basal crown area of the canine. In are shifted slightly posteriorly. In the postcanine dentition, the premolars are shifted anteriorly, whereas 364 the molar region remains unaffected. In humans, the subtle difference is also canine crown area. Pattern of covariation (all groups, group-mean centered) Table 9 shows the percentages of 368 explained covariance for the first five PLS dimensions. In PLS1 (84.1% of the total covariance, r = 0.96), 369 all groups scatter along a diagonal (Fig. 7a) . At the negative end of PLS1 (gorillas followed by the other 370 non-human apes) large incisors are placed far anteriorly, creating a diastema between the maxilla and 371 the premaxilla. The posterior dentition is parallel, and canines are large. At the positive end (humans), 372 incisors and canines are small and incorporated in the dental arcade, and the posterior arcade is 373 parabolic (Fig. 7a) .
374
In PLS2 (10.2% of the total covariance, r = 0.59), the groups still cluster along the diagonal, but 375 are shifted parallel from each other with large overlap among groups (Fig.7b) . At the negative end of 376 PLS2, large spaciously arranged incisors are associated with rounded posterior arcades and there is no 377 diastema. At the positive end of PLS2, smaller incisors are positioned in closer proximity and are placed 378 anteriorly followed by a diastema and the posterior dentition is straight and parallel (Fig. 7b) .
379
- Figure 7 - 
380
- Table 9 -381 Pattern of covariation (groups separate, sex-mean centered) Table 9 shows the percentages of (Fig. 8, Table 10 ). In Homo, the values are comparable.
401
Gorilla is significantly different from Homo and Hylobates (p<0.015, Bonferroni corrected), but 402 not from Pongo. The difference between Gorilla and Pan is close to the significance level (p≤0.0559).
403
Pan, Pongo, Homo, and Hylobates are not significantly different from each other (p>0.27 at least) (Table   404 10).
405
The correlation coefficient in PLS1 is lowest in Pan and Hylobates, followed by Pongo, Homo and In this study we sought to explore the pattern and magnitude of the covariation between the 429 upper and the lower jaw, as well as between the premaxilla and the maxilla in extant hominoids. In the 430 first three PLS components, that together explain more than 90% of the total covariance of the upper 431 and the lower arcade, the data points scatter along the diagonal (Fig. 3) . Such an arrangement is 432 interpreted as the same pattern of covariation (e.g. Mitteroecker and Bookstein, 2008). While retaining 433 the same slope, Hylobates are shifted from the hominid trajectory in PLS2 (Fig. 3b) , probably owing to 434 the presence of absolutely and relatively large canines in males and females in this group.
435
We also performed separate PLS analyses which showed that the related shape changes of the 436 mandibular and the maxillary arcades are similar across species ( 
447
To evaluate the magnitude of the covariation we used the covariance ratio (CR, Adams, 2016) 448 and the correlations between upper and lower arcades, or the premaxilla and the maxilla, respectively.
449
For the CR we considered the distributions from permutations. Homo stands out in showing lower 450 overall CR values (Fig.5, Table 4 ). Covariation magnitudes of individual PLS axes are quantified by the 451 correlation coefficient. When the first PLS is considered, which explains almost two thirds of the total covariance (i.e., arcade shapes from U-shaped to parabolic), Gorilla shows the weakest covariation, 453 followed by Homo, Pongo, and Pan which show similar covariation magnitudes. Hylobates has slightly 454 higher values (Table 5) . Thus the magnitude of covariation does not reflect the shape gradient from U-455 shaped to parabolic, and might be more taxon specific than arcade shape specific. In PLS2, which 456 explains almost 22% of the total covariance (i.e., canine size), Homo and Hylobates display lower values, followed by Gorilla which falls in-between the latter and Pan and Pongo (Fig. 5d) . These 
515
Due to small sample sizes in the within-group comparisons these results should be treated with caution.
516
Additionally, an uncertainty about modern human sex attribution must be considered, since their sexing 517 is based on traditional morphological methods, rather than actual records (dissection, autopsy or 518 graveyard). In general, it is probable that the mechanisms responsible for the results presented here 
528
The strong focus on dentognathic structures in palaeoanthropology is due to their good 
532
Another factor adding to differences in hypodigm composition is that there is a lack of consensus over 533 which maxillae and mandibles can be accommodated within a single species (Spoor et al., 2015) . The 534 results of the current study will help address these issues, as they provide reference data which 
